The urobilinogenic chlorophyll catabolite being exposed to oxygen-containing moiety, after three months, forms the C-8 2 -hydroxy urobilinogenic chlorophyll catabolite. The chromatographic and spectroscopic methods have been used to study the hydroxylated urobilinogenic chlorophyll catabolite product formed. Using liquid chromatography-mass spectrometry and nuclear magnetic resonance spectroscopy C-8 2 hydroxylated urobilinogenic chlorophyll catabolite was identified. Analysis of the results obtained enables the propositions of the reaction mechanism.
The oxidation of chlorophylls by molecular triplet oxygen in aqueous methanol solutions happens to all chlorophylls that have an intact β-ketoester structure at the isocyclic ring [1] . The first oxidation product formed is the hydroxylated chlorophylls' derivative. The oxidation process continues further and the reaction was named the allomerization [2] . The allomerization occurs through chemical or enzymatic pathway and a complex mixture of products is formed [3] . An early stage reaction in chlorophyll breakdown, under natural conditions, is the allomerization [4, 5] . The reversed--phase (RP) and normal phase (NP) high-performance liquid chromatography (HPLC) was utilized in the separation of chlorophyll allomers [6, 7] . The HPLC coupled with mass spectrometry (HPLC-MS) in conjunction with UV-Vis absorption has been used for analysis of chlorophyll allomers [8] [9] [10] . The nuclear magnetic resonance (NMR) spectroscopy was used in assignment of several allomers [11] [12] [13] . The allomerization is initiated in aqueous methanol solution containing traces of bases, acids and metals. The base catalyzed allomerization mechanism comprises the removal of the acidic α-proton at chlorophylls' C-13 2 position and formation of an enolate. After keto-enol tautomerization of the C-13 1 =C-13 2 double bond the allomer is formed. Free radical mechanism was proposed for the allomerization [14] . Further investigations support an idea of alternative allomerization pathway [10] . There is still not enough data to back up proposed acid catalyzed allomerization mechanism of chlorophylls. The urobilinogenic chlorophyll catabolite isolated from the Parrotia persica autumnal leaves differs from chlorophylls and chlorophyll catabolites by having one carbon atom less [15] . The Parrotia persica urobilinogenic chlorophyll catabolite structure (1) refers to urobilinogen and the carbon atom numeration is the same as in urobilinogen. The C-8 2 hydroxylation of Parrotia persica urobilinogenic chlorophyll catabolite in deutero methanol containing traces of water and acid is described in this paper. RP LC-MS and 1 H-NMR spectra were used in the identification of C-8 2 -hydroxy urobilinogenic chlorophyll catabolite (2) and the mechanisms that can explain the formation of the C-8 2 -hydroxy urobilinogenic chlorophyll catabolite are proposed.
MATERIALS AND METHODS
The urobilinogenic chlorophyll catabolite was isolated from Parrotia persica (Pp), Hamamelidaceae autumnal leaves according to the methods described previously [15] . The isolated Pp urobilinogenic chlorophyll catabolite was left for 3 months in the NMR tube, in the cold and dark place. After 3 months the RP LC--MS analysis was done. The LC chromatogram revealed the presence of two compounds. The final purification was done by RP HPLC using Waters 600 HPLC system coupled with Waters 2996 PDA UV-Vis detector (Waters Corp., Milford, USA) and RP EP 250 mm×16 mm Nucleosil 100-7 C 8 column along with RP EP 30 mm×16 mm Nucleosil 100-7 C 8 precolumn (Macharey--Nagel, Oesingen, Switzerland). The detection wavelength was set at 244 nm, temperature of the column was kept at 22 °C and the injection volume was 2 ml via loop injection. The mobile phase consisted of water (0.1% trifluoroacetic acid (TFA)):methanol, 1:1 (v/v) and operating an isocratic flow of 3.2 ml/min. The urobilinogenic chlorophyll catabolite was collected to obtain 1.92 mg and the C-8Belgium). The recording of the 1 H-NMR spectrum was done under the same conditions as described previously [15] .
RESULTS AND DISCUSSION
The Parrotia persica (Pp) urobilinogenic chlorophyll catabolite (1) was, after recording of the NMR spectra, left in the cold and dark place for 3 months. After 3 months the RP LC-MS chromatogram was recorded. The chromatogram revealed the presence of two compounds (Figure 1 ).
Methanol and acidified water eluent can influence the formation of hydrogen bonds in the solution and reduce the interactions between compounds. The stationary phase particle surface can form hydrogen bonds with the compounds being separated. The prolonged retention time of the C-8 2 -hydroxy urobilinogenic chlorophyll catabolite (2) can be attributed to additional hydroxyl group present that can form hydrogen bond with the silanol sites of the column packing. The ESI-MS showed a molecular ion at m/z 633, an [M+H] + for the Pp urobilinogenic chlorophyll catabolite (1), Figure 2 (2) . The sample was subsequently purified by semi-preparative HPLC under the same conditions as described previously [15] .
The 1 H-NMR spectra were recorded for all purified compounds. The 1 H-NMR spectra of the Pp urobilinogenic chlorophyll catabolite (1) and its C-8 2 -hydroxy derivative (2) are depicted in Figures 3 and 4 , respectively.
The difference between the two 1 H-NMR spectra is the absence of the signal for the C-8 2 proton in the C-8 2 -hydroxy Pp urobilinogenic chlorophyll catabolite (Figure 4) . The chemical shifts, multiplicity and coupling constants of the Pp urobilinogenic chlorophyll catabolite (1) were as published previously [15] . The chemical shifts, multiplicity and coupling constants of the isolated C-8 2 -hydroxy Pp urobilinogenic chlorophyll catabolite (2) are depicted in Table 1 .
In chlorophylls, the acidic catalyzed allomerization mechanism is comprised of protonation of the C-13 1 oxo group. This mechanism was not sufficient to explain the formation of the C-13 2 -hydroxy and C-13 2 --methoxy chlorophylls [10] . The other mechanism proposed for the allomerization of chlorophylls was a free Figure 5 . The mechanism adopted from literature that can be proposed for the formation of the C-8 2 -hydroxy Pp urobilinogenic chlorophyll catabolite (2) from the Pp urobilinogenic chlorophyll catabolite (2) , for brevity only ring E is shown [14] . radical one (Figure 5 ), which was able to explain the formation of the previously mentioned chlorophyll allomers [14] .
CONCLUSIONS
The evidences described, clearly indicated that the Pp urobilinogenic chlorophyll catabolite (1), under the acidic conditions, in the presence of trifluoroacetic acid (TFA), which was used as a modifier during the chromatographic separation, in aqueous methanol solution upon standing for months induces the formation of the C-8 2 -hydroxy Pp urobilinogenic chlorophyll catabolite (2). The mechanism proposed for the allomerization of chlorophylls can explain the formation of the C-8 2 --hydroxy Pp urobilinogenic chlorophyll catabolite (2) . The chromatographic and spectroscopic methods described can facilitate the identification of the C-8 2 -hydroxy urobilinogenic chlorophyll catabolite (2) .
